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VORLALTON OF TLD1 B G (018 0F WICKHEL

[Report No. TTT of a series of works in this field)

Joshinyan and V. Yé.o L’Lel‘ﬁu}s

Tnstitute oi Nickel, Cobalt and +in Industiries

Tn the preceding contributions [1,2] we examined. the condi-
tions under which colloid hydrates of nicikel, copper and iron X
to form in the electrolyle used for the elec.rolytic refining
nickel., '

Tn tals article we bring the resulis of experiments on ‘the
influence of the anion ol ts and of the nature of bufier admix-~
tures on the value of pH the moment when the nickel hydrates be-

entire experimenbal maberial.

rimental methodology does nob differ from that des-

cribed in the fir { peporv, The experimental data is given in Fi-

gures 1, 2 and 3, and in pvables 1 and 2. The beginning of hydrate

formation is indic ed with arrows on the titration CUrves. ‘'he

data for The ¢ 3 talcen from the first report.

Potentiometric Titration Curves of a pure NiClp solution and of one
with Buffer Admixtures. £=50 degrees cent ade. (A) Electromotive

force (in mv); (B) Amount of NaOH (in milligrems). Solution Com-

position: (1) 38 /1 Wi; (2) 38 g/l 1i40.16 mol/1 HB0 55 (3) 38 /1

Ni40.16 mol/1 (IH)),80)5 (L) 38 g/l 1§5.40.16 mol/1 11H) C1.+
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Tn the first line of Table 1 we compare the values of pH at
the initial moment of hydrate formation from pure solﬁtions of nice
kel sulphate, chloride and nitrate, We sec from this'datalthat the
value of pH in the hydrate form:tion for nitrate and chloride salts
practically coincide, while the sulphate salt forms colloid hydrates
in a somewhat more alkaline medium. This difference, gpparently, is
caused by the lower activilty ol nickel lons in the sulphate solution.
The difrerence between the values of vH at the initial‘“omént of for=-
mation of nickel nydrates in sulpnate and chloride selt solutions
is equal to 0.L. This coincides qu%&itatively with the figures ci-

ted in the first report [1].

From lable 1 we see that an admixture of boric acid to the

pure salt solutions lowers the value of pi by 1.0 at the initial

moment of the formation of nickel sulphate hydrates, and by 1.5 for
nickel chloride and nitrate., Ammonium sulphaﬁe lowers the value
of pH in the sulphate medium almost twice as much as boric acid,
while in nitrate and chloride mediums the action of both the buffer

admixture is the same.

Solutions of NiNOq+NHuGl ard NiN03+NHhN03 are noteworthy.
For these, neither the inflexion point on the potentiometric curves
corresponding to the appearance of the solid phase, nor the appear-

ance of diffused luminescence, could be found.

FIGURE 2

Potentiometric Titration Curves of a Pure NiN03 Solution and of one
with Buffer Admixtures., t=50 degrees centigrade. (&) Electromotive

force (in mV); (B) Amount of NaOH (in milligrams). . Solution Compo-
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sition: (1) 30 g/1 Mi; (2) 33 2/1 Wiw0.16 mol/1 Hy:0455 (3) 36 g/1

Ni40.16 mol/1NH) Cl; (5) 38 ¢/1 NANO 940,16 mol/L WH)NO 4,

[he effect of the consentration of ammoniwn sulphate on the
value of pH at the initial moment of nickel hydrate formation is

L shown in lable 2,

The date of vable 2 is represented by curve 1 in figure L, !

P

in the same figure, for compecrison, we show an analoghous curve 2
for the values of pH at the initial moment of hydrate formation
from solutions with admixtures of boric acid [1]. By comparing

the two curves we see clearly that ammonivm sulph.te lowers the

val ue of pH more sharply than boric acid. The data shown is sig-

j
e 3

mficant if we want to clarify the formation mechanism ol rickel
€

precipitates with heightened herdness, in the presence of ammonium

Since the hydrates begin to form at a lower value of pH in

solutions with ammonium sulphate admixture than in solutions with

boric acid, it is n:

bural that there will be more hydrates and that
the precipitates will be harder with the former conditions of elec-

trolysis than with the latter,

FIGURE 3

Potentiometric Titration Curves of the Nickel Electrolyte with an

Addition of (NHh)ESOh as a Buffer. t=00 degrees centigrade, (A)

iilectromotive Force (in mV); (B) Amount of NaOH (in milligrams).

Electrolyte: Ni (in sulphate form) -- 38 g/l; NaCl -- 5 g/1; Na,80),

-- L0 g/1; (MH),)250): (1) -- 10 g/L, (2) -- 20 g/1, (3) -~ L0 g/1
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The experimental data obtainzd allows us to draw certaln con-

N

clusions about the composition of the solid phase,

Tn fact, if we assume that the formation ol the sollid pnase

pering when the solubility product of the type

no,_ .
Zyent + Aoy = Lp, (1)

is reached, i.e. that, at least at the moment of its appearance,
the solid phase constitutes a pure hydrate rather than the basic
salt, then the val ues of the solubility producis should not vary

with the change of nickel sulphate concentration.

sor a clearer formwlation of tinls law we conducted supple-

experiments titrating diluted solutions oi nickel sulphate.
The results of these are shoun in iigure 5. The practical compu-
tation of Lp on the hasis of activity coefficilents will hardly be
sufficiently accurate, since the latter are known only up to a tem-
perature of 25 degrees centigrade, True, a comparison of the ac-
tivity coefficients at 25 dexrees [ 2] and at a Pemperabure close to
the freezing point of the solutions (L], srow that they vary but

tly i th temperature. vaile 3 shows the results of the compu-~

tations of Lp according to all experimental data ovtained.
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Tableé;

EFVECT OF GUFFER ADMIXLUSES ON Ll VALUL OF PH AL LI TaITIAL LOMENL OF

NICKSL HYDRALE FORMATION AT 50 DEGREES . LGRADE TN SOLUTTONS CONLATH-

ING 38 /1 OF Ni

Name of bufier Value of pH at the Initial Homent
Admixture of lickel Hydrate lormetion in
(0,16 mol/1) Various Solutions

Ni50), NiCl, (10 5)

ALusent 5.3
HAB30 3 L.3
('mm)gsou

NH),C

NHMNOB

38 ¢/1, NaCl --
NaQSOh -= 10 g/1. ©=50 dezrees centigrade
Concentration Value of pl at Initial Moment

(NHu)QSOh (in g/1) o1 liydrrate Formation
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FICURE b

Effect of Ammonium Sulphate Concentration and of soric Acid on the
Value of pll at the Initial Moment of Wickel Hydrate formation at
50 degrees cenbigrade (A) Value of pH at the Initial Moment of Hy-
drate Formation; (B) Concentration of buffer admixture (in mol/1),
(1) == with admixture of ammonium sulphate; (2) == with admixture

of boric acid.

Potentiometric Yitretion Curves of Diluted lickel Sulphate Solutions
with a Ulass Electroue at 50 Degrees Centiyrade. (4) filectromotive
Torce (in mV); (B) Amount of WaOH (in milligrams): MNi Convent (in

,;;/i): (1) == 0.,05; (2) ==~ 0.1; (3) == 0.5; (L) == 1.5; (5) == 5.

As we see from the Table, the values of LP do not remain con-
stant, but decrease regularly 137 times as the nickel concentration
is brought from 0,05 g/l to 6L z/1. itherefore, we also computed Lp,
utilizing the values of the aparent dissociation degree of nickel

sulphate,
See Table 3 on nage 7

for tais calculation we took the following essential values:

, . e L
Kiso® = 5.6 » 10 b (5); Lh mit+ = L6; 4y = 0,025 H1 50

h(lﬁo) = 63; ASOLL = 0.0227; and therefore : )a 50° =188, The

velues of )\V;Oo are talken from the tables [6] (partially extrapo-

lated),
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(1]

Nickel

Concentration

[a]
in

g/1

[b]
in

mole/1

0.0009
0.0017
0.0085
0.,0256
0,088l
0.170

0.362
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Table 3

DATA OF THE SOLUBILITY PRODUCT GOMPGTATIOHN ACCORDING TO EXPERIMENTAIL DATA

[2] [3] 4]

PH at Start of Computation of Ip on the Computation of Ip on the Basis

Hydrate Formation Basis of Activity Coefficents of Apparent Dissociation Degree

[e] [a] fe] [£] [a] [h] (3]

16
£ lg ay;  Ip+10 Av 1 Ip-10%5

Nit+

50°
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With this method of computation, the solubility product also

doesnot remain constent (the change is 20-£0ld) .

Tf we plot on a graph the values of pH at the initisl moment
hydrate formation as com ared to the ion activity logarithm, then
correspordence wWiLR whe developed equation (1)

e L LIy
[

We must obtain astraight Line with an angular coefiiclent

=1
2

Terification of Equation (2) According to the Data of Nickel Hy-
arate Formation., (&) Value of i ab the -erinning of hydrate for-
mation; (B) Activity logarithm (of concentration). (1) -= pH 1z

agg++; (2) == PH-1g Opy 4+,

Tigure & shows the relation of the pH value at the bLeglmning
of hydrate formation to the activity logzarithm or to the concentra-
tion of nickel ions. he value of the angular coefficient required
by theory is obtained only in the border line case of the titration
of very diluted s lutions. Upon titration of concentrated solu-
tions the vd ue of the angular coefiicient turns out to be higher

than in theory.

A difrerent correlation takesplace in the case of hydrate
formation by admixtures in a nickel solution. Applying . the -known

rule that an electrolyte, in th: presence ol a large and constant
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excess of another ole ctrolyte, benaves as an ldaeal subgltance, We

may granscribe emotion (2) ior pH 2 the initial woment of ad-

mixture hyarabe Pormation, Laus:

1>y » - 1o K
12 Byt 1lg Ly 1z Ky

pi = = 212
2 2

(L)

Whe T‘e m i (=] ‘Ull = ‘,31- ™ l’!. J.“r O.C 11 v o a. j.OY]." . ‘l‘ll(}n i ]‘l .‘[/l/l(s O - I.Cl..L 1’1" .I\Je ]
+ € ency TAE t S L co=0 QALVED
‘ﬂL j.il']@f:u wi th the conv ell-

of P == 18 Cagm, ¥ must oltain sur
tional coefiicient for ilerrous and cuprous silts and 1/ 3 lor

forric selbs. hs may we seen in wigure 7, this condition of vheory :

i fulfil.ed.

7
FIGUIE T |

|

i

oi sguation ) according to the Data of Formabion of

Vapiiication

Hydrates of Copper and of Ei and Tri-yalent Iron in & Nickel Blec- i
trolyte. (4) Value of pH at the jpitial moment of Hydrate forma- :

; (B) Seme for tpi-valent metals. (V)

tion (for pi-valent metals)

(2) -- Fett without H480 53 (3) =~

; o Pettt rith HaBO03 admixture;

rett 5 (L) ~- cutt,

i :
Thus it Lollows from the data obtained that upon titration

i
i

3
§
i
1

of very diluted micicel sulphate solutions and also of admixtures
in & nickel electrolyte, the composition of the solid phase formed,
corresponds Lo the formula of the corresponding hydrate. Tt must
be noted that a similar conclusion was reached through experiments
on the titration of alkaline cadmium sulphate o lutions with simu=-
1taneous measurenent of pi by a zlass slectrode, of the concentra~
tion of cadmium ions Py a cadmium electrode, and of the sulphate

ions by a les

4 electrode [7].
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Upon titration of more concentrated nickel arlphate solutions,

the composition of the solid phase obtained, :.ecomes more complica-

ted because poorl soluble nickel basic salts, rathexr than the pure
& H i

hydrates are formed.
Under conditiong ol conuon nycrolysis, there occurs in the
ele ctrolyte layer next to the cathode, & sharp impovarisiment ol

ase in slkalinity on the entive

nickel oy ohe ions and en incre

suriace o the electrolyve. 'nis creates conditions favorable o

‘ i the sormation of hydrives, It Lner than oi insoluble basic nickel §

salls, Consequently, if we assume that the minuce crystallinity

recipitates 1is caused by the formation either of

of the nickel

colloid hydrates or of basic salts in the process of ele ctrolysis,

then the experimental materiel available forces us to sive pre-

i
i
i
)
i
d
i
|
1
,
,
i

ference to the hypothesis of the formation of hydrates instead of

the formation of vasic compounds.

(1) With the method of potentiometric titration with a glass !

X :
: o TTyndsll :
electrode, and also witi the help oi Tyndal's cone, We determined j

the values of pH at the initial moment of nickel nydrate Lormation

in sulphate, chloride and nitrate solutions.

We showed that the value of pH at the initial moment of hy-

ste solutions 1s the same, while

drate formation in chiloride und ni

in a sulphate solution the precipitation of nydr. tes begins in a |

more alkaline medium.

(2) Admixture of boric acid lowers the velue of pH at the

beginning of nickel hydrate formation more sharply in chloride and
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n in sulphate solutions.

(3) We studiedthe eftect of ammonium sulpnate on the lower-

ing of the value of oH at the initial moment of hydrute formation
g ! )

ve golutlon its effect is gtronger

and we showed tnat in a sulyp

~abe solu-

nile inthe chloride wnd ni

than that of boric acid, W

tions the effect off both wuffer a

“r

bures is approximately the same.

(l4) The increasad hardness ol the cathode precipitates obbained

ure and under average elec~

rom solubions with armoniur sulphate admii

parently, B the large smount

trolysis conditions, is conditi oned,

tes in bae layer next 1o the cataode.

of mickel iyd

(5) On toe pasis of an aelysis ox experimental dave we ghowed
under nickel electrolysls condi ons it is more likely that

Tl
.sic compounds are

colloid hydrates of metals rather than their

~enerateds
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of the glas: eleclrode, our preceding works were irncoriect in

puting the electromotive forces in tae relation to the vilues of

pH., The ® rrect values of pi ab ‘the lnd moment oif hydrate for-

nation are zilven at the end oi tnis lssue
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Corrected Tables Belonging to the Articles by Ae Le Rotinyan

and V. Ya. Zel'des
Report I (Zhuwrnal Prikladnoy Khimii 23, 717, 1950)

Table 1 Table b Table 5 Table 5

con of con of PH at|con Temp pH at con

Ni (e/1) 13803 (§) | Nacl| (g/1) (°c) |__of N3 (&/ &
| e 11 5 | 50 51 | L0 |63 i
.10.0 0 5.3 1 5.2 20 B.2 | 540 Lied

25.0 10 h.'? ’.L-B SO }_Loh )_L03 h-l

39.6 20 he3 | LeO T0 3.8 | 3.7 3.6

61.0 L0 3,71 3eb

the moment of begiming hydrate

The value of the pH quantity at
tely 0.26 unit with increase of

formation decreases by approxima
temperature each 10°C.
be decreased

In Tables 2 and 3 a1l derived values of pH should

by Ooho
Report II (zhurnal Prikladnoy Khimi 23, 936, 1950)
Table 1 Table 3
Con Z; pH & con of(i‘erx)'dus { pH
wi (g/1) | H3Bo3 | H3BO oxide (g/1
03g/ 1 Eag/ i before|after
0,00l 5.3 - 0,00 |0.00 5.3
0.05 5.l - 0,09 10.06 5.0
0.19 5.0 e 2 0.9 0.113 LeT
0.50 LT - 1.08 |1.00 Bk
0.98 L5 4.0 3.90 1.85 ho3
3-11 lL-B 309 i

These correction do not reflect in any way upon ‘the text material
and conclusions of the indicated WOTKS. ;

A+ L. Rotingan and
V. Ya. Zel'des.

END OF CORRECTIONS
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